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Abstract: The π-electron ring-currents and bond-currents associated with the isomeric structures corazulene (1) and cornaphthalene (2) are 
calculated by means of the rudimentary topological Hückel–London–Pople–McWeeny (HLPM) method (which is entirely equivalent to the re-
cently named ‘graph-theoretical CD–HL’ approach).These currents are compared with analogous quantities computed by Lillington et al. by use 
of the more-sophisticated ipso–centric ab initio approach. The simple HLPM method is seen to exhibit a remarkable ability to reproduce com-
plex patterns of current in large polycyclic hydrocarbons — the successful prediction of which, ostensibly, might naïvely be expected to be the 
preserve only of more sophisticated, and much less intuitive, ab initio calculations. This conclusion is entirely consistent with findings from 
contemporary work on other structures by the present, and other, authors. 
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INTRODUCTION 
N THIS PAPER, we take the opportunity afforded by the 
availability of certain ab initio calculations[1] to assess 

how well predictions of π-electron ring-current and bond-
current intensities calculated for conjugated systems by  
the rudimentary Hückel[2]–London[3]–Pople[4]–McWeeny[5] 
(‘HLPM’) formalism[6] mimic those of more-sophisticated 
approaches, notably the ab initio ‘ipso-centric’[7] and 
‘pseudo-π’[8] methods. Ab initio procedures frequently de-
pend first on the application of elaborate software, such as 
the Gaussian program,[9] in order to optimise starting ge-
ometries, and then on the choice of wave-function basis-set 
employed (see, for example, ‘Computational Details’ [p. 848] 
of Ref 10, ‘Ab Initio Calculations’ [p. 7448] of Ref. 11 and 
‘Method’ [p. 655] of Ref. 1.) Application of the HLPM 
formalism,[2–6] on the other hand, depends only on 

knowledge of how the carbon atoms forming the conju-
gated system in question are joined to each other in the  
σ-bonded network, and on the areas of its constituent 
rings.[6] Once the matter of ring areas has been decided, 
topological π-electron bond-currents and ring-currents in 
such systems are thus effectively latent in the molecular 
graph of the hydrocarbon under study and, accordingly — 
even though their actual computation may still have to be 
effected — these currents are at least implicitly and 
immediately predetermined as soon as the structure’s 
molecular graph[12] has been written down.[6] 
 In isolated cases (for example, that of 7-coronene[13–15]) 
there have been discrepancies; however, in the large majo-
rity of the structures examined so far — such as coro- 
nene and many of its 17 non-alternant isomers,[16,17]  
[10,5]-coronene,[11,13,14] and especially the novel series of  
‘altan’ structures,[18–24] recently defined and introduced by 
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Monaco and Zanasi[18–20] and studied mathematically by 
those authors and (exhaustively) by Gutman[23,24] — the 
HLPM formulation has manifested a remarkable ability to 
reproduce complex patterns of current in large polycyclic 
hydrocarbons.[6,17,21,22] Many of these systems have been 
specially ‘designed’[11,13,14,18–20,25,26] to illustrate particular 
aspects of expected bond-current and ring-current behaviour. 
 We here effect comparison between the topological 
HLPM and the ab initio philosophies by comparing predic-
tions from the two approaches relating to a pair of isomeric 
structures: namely, the non-alternant[2] corazulene (1) and 
its alternant isomer cornaphthalene (2) (Figure 1). These 
were studied by Lillington et al.[1] by means of the ipso-cen-
tric method.[7] (These structures were considered of inter-
est because it has been suggested that 1 and 2 could act as 
building blocks for carbon nano-structures.[27]) Lillington  
et al.[1] have observed that if a ‘circulene’ (also known[6] as 
a ‘super-ring’ system) can be visualised as ‘a wheel with 
spokes’,[11,16] 1 and 2 can be thought of as a wheel with the 
addition of what they[1] call ‘crossing chords’. Both 1 and 2 
may thus be regarded as arrangements of [4]-membered 
central-rings inside a [28]-membered perimeter, ‘...with four 
spokes and four chords cross-linking the outer cycle.’[1] 

 

CALCULATIONS 
The computations were carried out by the HLPM method[2–5] 
as described in step-by-step detail in Ref. 6, the main crux 
of which is equation (14) of that reference. As is a require-
ment of the ‘topological’ version[6,28,29] of the HLPM ap-
proach,[2–5] adopted here, both 1 and 2 are assumed to be 
planar structures whose ring areas are those of regular pol-
ygons[4,29] of the appropriate number of sides, each of 
which is of uniform length (and equal to the carbon–carbon 
bond-length in benzene) — please see equation (16) of Ref. 
6. In the present calculations, this implies adoption of the 
following ratios for the ring areas in 1 and 2:[4] if An is the 
area of a regular polygon of n sides, then, 

4 5 6 7: : : 4cot : 5cot : 6cot : 7cot .
4 5 6 7
π π π π

A A A A   (1) 

(The only circumstances in recent work where a different 
assumption about ring areas needs to be made are in the 
case of structures with ‘holes’, such as kekulene[6,22,30–33] 
and the p-coronenes.[13,14]) 
 Lillington et al.[1] have pointed out that 1 is indeed 
planar (with C4h symmetry) and so also is 2, in a transitional 
form (with D4h symmetry); in reality, however, 2 is bowl-
shaped in its equilibrium conformation, with symmetry C4v. 
In the present calculations we adopt C4h symmetry for cora-
zulene (1) and D4h symmetry for cornaphthalene (2). The 
topological[6,28,29] HLPM ring-current and bond-current 
maps of 1 and 2, calculated as just described, are illustrated 
in Figures 2 and 3. As is conventional,[6] the ring currents 
and bond currents are presented as dimensionless num-
bers, expressed as a ratio to the corresponding quantities 
calculated, by the same method, for benzene. 
 It is perhaps material to point out at this stage that 
what we have for some time been calling[6,13,14,17,21,22,26,28–31] 
‘topological HLPM calculations’ are precisely what Fowler 
et al. have very recently[34–37] given the appellation ‘graph-
theoretical Current-Density Hückel–London (CD-HL) calcu-
lations’. Given the same geometrical assumptions, the two 

       
                         1                                                  2 

Figure 1. Molecular graphs[12] of non-alternant[2] corazulene 
(1) and its alternant isomer cornaphthalene (2), showing 
their carbon-carbon connectivities and the labellings, in 
each, of the three symmetrically distinct rings. 

 

Figure 2. Maps for the topological[6,28,29] ring-currents (in 
black) and the associated topological[6,28,29] bond-currents 
(in red) for (non-alternant[2]) corazulene (1). The topological 
ring-currents and bond-currents are dimensionless quanti-
ties. Positive (diamagnetic) ring-currents are considered to 
circulate anti-clockwise around their respective rings whilst 
negative (paramagnetic) ring-currents flow in the clockwise 
sense around those rings. The various bond-currents flow in 
the direction indicated by the arrow pointing along each 
bond. 
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methods (HLPM[6,28,29] and CD–HL [34–37]) should yield iden-
tical numerical ring-currents and bond-currents (within ma-
chine error of the computation), which, as already claimed, 
are themselves instantly latent in the molecular graph, once 
the latter has been specified. 
 

RESULTS AND DISCUSSION 

(i) Comparson of Overall Patterns  
Observed in the Topological HLPM  
Ring-Currents in Structures 1 and 2 

Structures 1 and 2 both contain a central four-membered 
ring (labelled A, in Figure 1) in which the topological HLPM 
paramagnetic ring-currents are similar (ca. –1.81 and –1.65, 
respectively). In 1, each edge of the central square (A) is 
shared with a seven-membered ring (B) (with diamagnetic 
ring-current ca. 0.65) and in 2 each bond of the central four-
membered ring (A) is shared with a six-membered ring (B) 
bearing very nearly the same diamagnetic ring-current 
(0.63) as the corresponding (seven-membered) ring (B) in 1, 
just described. Each of the seven-membered rings (B) in 1 
shares a bond with an outer five-membered ring (C) that 
bears a diamagnetic ring-current of ca. 0.79, whilst the six-
membered rings (B) in 2 that share an edge with the central 
four-membered ring (A) also share a bond with an outer six-
membered ring (C) bearing a qualitatively similar, but quan-
titatively larger, diamagnetic ring-current (ca. 1.02). 
 The ring-current pattern for both 1 and 2 is, there-
fore, summarised as follows: 

(a) Central four-membered rings (A): paramagnetic  
(–1.81 and –1.65, in 1 and 2, respectively). 

(b) Rings (B) sharing a bond with the central square:  
diamagnetic (0.65 and 0.63). 

(c) Peripheral rings (C): diamagnetic (0.79 and 1.02). 

(ii) Comparison of Ab Initio and HLPM 
Topological Currents in Corazulene (1) 

Lillington et al.[1] reported a strong paramagnetic circula-
tion around the central four-membered ring with a some-
what weaker diamagnetic current around the perimeter. 
Qualitatively, this pattern is confirmed by the topological 
HLPM calculations displayed in Figure 2. Quantitatively, the 
comparison is less impressive: Lillington et al.[1] find that 
what they call jmax, the largest value in their ‘plotting 
plane’[1] of the current density per unit inducing field, is 
(when expressed as a ratio to the benzene value) about  
–0.91 for the central ring, whereas for the diamagnetic circu-
lation on the perimeter it is ca. 0.65. These are to be com-
pared with HLPM values (from Figure 2, likewise expressed 
as a ratio to the HLPM bond-current in benzene) of about  
–2.45 and 0.73, respectively — thereby emphasising, once 

again, the previously observed phenomenon[38–44] that cal-
culated paramagnetic currents, which are especially sen-
sitive to HOMO–LUMO separations, tend to be over-
estimated by methods (such as our topological, non-
iterative[38–44] version of the HLPM[2–6] approach, being ap-
plied here) which do not make Hückel resonance-integrals 
iteratively self-consistent with respect to the corresponding 
calculated Coulson bond-orders.[2,38–44] We have, however, 
resisted applying this refinement here because, as we  
are testing a method that claims to depend on no empirical 
or subjective parameters whatsoever, we wish to maintain 
the description of the resulting π-electron currents as 
‘topological’.[6,28,29] 

 Lillington et al.[1] further observe that the ‘chord 
bonds’ completing the four pentagonal rings (C) in 1 also 
support current that closes a ring-current loop in which the 
circulation is in the diamagnetic direction, ‘...but this is 
much smaller than the main perimeter current.’[1] This find-
ing is also supported by the topological HLPM calculations 
presented in Figure 2: the ‘chord bonds’ carry a current of 
about 0.15, whereas the main perimeter current varies be-
tween approximately 0.65 and ca. 0.79. Consistent with 
what Lillington et al.[1] called the ‘circulene analogy’, the 
current in the ‘spokes’ bonds was said[1] to be ‘negligible’, 
even though, with the symmetry that Lillington et al. as-
sumed in Ref. 1, it was not forced to be zero by symmetry 
(as was the case in D5h planar corannulene and D6h coro-
nene.[7,16,17,30]) In the course of carrying out the HLPM cal-
culations displayed in Figure 2, however, C4h symmetry was 
assumed (as described under the heading ‘Calculations’) 
and, hence, in the case of our own computations being pre-
sented here, bond currents in the spokes bonds are indeed 
constrained to be zero by symmetry. 
 Overall, Lillington et al.[1] concluded, on the basis of 
their ipso-centric ab inito calculations,[7] that corazulene (1) 
‘...is predicted to have the magnetic properties of a circu-
lene, with paired counter-rotating paratropic-hub and dia-
tropic-rim currents.’ The HLPM topological bond-currents 
depicted in Figure 2 agree entirely with this. 

(iii) Comparison of Ab Initio and  
HLPM Topological Currents in  

Cornaphthalene (2) 
Lillington et al.[1] observed that, among the induced cur-
rents that they calculated for the planar transition-state of 
structure 2, there is again a strong paramagnetic circulation 
around the central four-membered ring (A) (with a jmax 
value — relative to benzene — of –1.0) but with stronger 
local diamagnetic currents (jmax = 1.05) on the periphery of 
the four outer hexagons (C), and with weak currents linking 
them on the perimeter. Once again, the topological HLPM 
bond-currents for cornaphthalene (2) shown in Figure 3 
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qualitatively confirm this view. Quantitatively, the position 
is as follows: (a) the current in the bonds of the central four-
membered ring (A) is ca. –2.28 (again an overestimate com-
pared with the ab initio values, an observation which is ra-
tionalised by the same explanation[39–44] as was offered in 
the previous section for a similar phenomenon encoun-
tered in corazulene (1)); (b) the peripheral bonds in the four 
outer hexagons (C) bear a diamagnetic bond-current of 
about 1.02 (very close to the ab initio estimate of 1.05); and 
(c) the currents in the bonds linking those outer hexagons 
to the rest of the structure are likewise weaker, at ca. 0.39. 
Lillington et al.[1] remark that when they relax their assump-
tion of a planar (D4h) geometry for 2, assuming instead a 
‘bowl-shaped’ structure with C4v symmetry, the features 
observed are reduced in intensity compared with the planar 
form, but these authors do retain in their conclusions the 
identification of (a) a paramagnetic π-electron circulation 
around the bonds of the four-membered central-ring (A), 
and (b) a diamagnetic circulation, of magnitude equal to 
that of the ring-current in benzene, in the peripheral bonds 
of the four outer hexagonal rings (C). These claims are again 
qualitatively — and, in the case of the four outer hexagonal 
rings, even quantitatively — consistent with the topological 
HLPM currents presented in Figure 3. 
 

CONCLUSIONS 
Comparison of predictions from the ipso-centric ab initio 
calculations of Ref. 1, and those from the topological[6,28,29] 
HLPM computations[2–6,28,29] displayed in Figures 2 and 3, 
confirm the following conclusions of Lillington et al.:[1] 

(a) Both corazulene (1) and cornaphthalene (2) show a 
strong paramagnetic current around the bonds of 
their central squares. 

(b) Corazulene (1) presents ‘... concentric counter-rotat-
ing rim-and-hub currents’. 

(c) The bond currents in the ‘chord’ bonds linking the 
outer six-membered rings (C) of cornaphthalene (2) 
are in such a direction that they complete diamag-
netic current-loops around each of those hexagons 
(as seen in Figure 3). This is in agreement with the 
claim of Lillington et al.[1] that 2 exhibits a ‘Clar-like’ 
structure[45] with diamagnetic currents circulating 
around the four outer hexagonal rings (C). 

(d) Corazulene (1) has a single global diamagnetic circu-
lation on its perimeter whilst cornaphthalene (2) has 
strong local diamagnetic circulations in separated 
parts of the perimeter.[1] 

Once again, therefore, the simple topological HLPM ap-
proach[2–6,28,29] — which depends on knowledge only of the 
molecular graph[12] of the conjugated system in question  
(in the form of a vertex-adjacency matrix describing it),[46] 
and the areas of its constituent rings — has been seen to 
demonstrate a possibly unexpected ability to reproduce 
complex patterns of current in large polycyclic hydrocar-
bons. According to common belief, such predictive success 
should ostensibly be the preserve only of sophisticated, and 
much less intuitive,[47,48] ab initio calculations. This con-
clusion is entirely consistent with our own previous find-
ings[21,22] and with the view expressed in the recent, 
independent and simultaneous work of Gershoni-Poranne 
et al. on phenylenes,[34] that the relative currents calculated 
by the (equivalent of the) HLPM topological approach ‘...are 
remarkably similar to those extracted from the pseudo-π 
maps,[8] which themselves mirror the full ab initio 
maps[7,11,15,19,20,49] ’…and that, in general, the HLPM topo-
logical method ‘...has a remarkable ability…to capture es-
sential features of delocalised systems including patterns of 
current…’  There is therefore now a growing body of evi-
dence[17,21,22,32−37] that this is the case. 
 

REFERENCES 
[1] M. Lillington, P. W. Fowler, M. V. Diudea, Polish J. 

Chem. 2007, 81, 653. 
[2] C. A. Coulson, B. O’Leary, R. B. Mallion, Hückel 

Theory for Organic Chemists, Academic Press, 
London, 1978. 

[3] F. London, J. Physique Radium (7ème Série) 1937, 8, 
397. 

[4] J. A. Pople, Mol. Phys. 1958, 1, 175. 
[5] R. McWeeny, Mol. Phys. 1958, 1, 311. 
[6] T. K. Dickens, R. B. Mallion, Croat. Chem. Acta 2013, 

86, 387. 

 

Figure 3. Maps for the topological[6,28,29] ring-currents (in 
black) and the associated topological[6,28,29] bond-currents 
(in red) for (alternant[2]) cornaphthalene (2). For the 
conventions on displaying topological ring-currents and 
bond-currents please see the caption to Figure 2. 

http://dx.doi.org/10.1051/jphysrad:01937008010039700
http://dx.doi.org/10.1080/00268975800100211
http://dx.doi.org/10.1080/00268975800100381
http://dx.doi.org/10.5562/cca2291


 
 
  
 T. K. DICKENS and R. B. MALLION: Comparisons of π-Electron Ring-Current and Bond-Current Patterns … 225 
 

DOI: 10.5562/cca2622 Croat. Chem. Acta 2015, 88(3), 221–225 

 

 

 

[7] E. Steiner, A. Soncini, P. W. Fowler, J. Phys. Chem. A 
2006, 110, 12882. 

[8] P. W. Fowler, E. Steiner, Chem. Phys. Letters 2002, 
364, 259. 

[9] Gaussian 09, Revision D.01, M. J. Frisch, G. W. 
Trucks, H. B. Schlegel, G. E. Scuseria, M. A. Robb, J. R. 
Cheeseman, G. Scalmani, V. Barone, B. Mennucci, G. 
A. Petersson, H. Nakatsuji, M. Caricato, X. Li, H. P. 
Hratchian, A. F. Izmaylov, J. Bloino, G. Zheng, J. L. 
Sonnenberg, M. Hada, M. Ehara, K. Toyota, R. 
Fukuda, J. Hasegawa, M. Ishida, T. Nakajima, Y. 
Honda, O. Kitao, H. Nakai, T. Vreven, J. A. 
Montgomery, Jr., J. E. Peralta, F. Ogliaro, M. 
Bearpark, J. J. Heyd, E. Brothers, K. N. Kudin, V. N. 
Staroverov, R. Kobayashi, J. Normand, K. 
Raghavachari, A. Rendell, J. C. Burant, S. S. Iyengar, 
J. Tomasi, M. Cossi, N. Rega, J. M. Millam, M. Klene, 
J. E. Knox, J. B. Cross, V. Bakken, C. Adamo, J. 
Jaramillo, R. Gomperts, R. E. Stratmann, O. Yazyev, 
A. J. Austin, R. Cammi, C. Pomelli, J. W. Ochterski, R. 
L. Martin, K. Morokuma, V. G. Zakrzewski, G. A. Voth, 
P. Salvador, J. J. Dannenberg, S. Dapprich, A. D. 
Daniels, Ö. Farkas, J. B. Foresman, J. V. Ortiz, J. 
Cioslowski, and D. J. Fox, Gaussian, Inc., Wallingford 
CT, United States of America, 2009. 

[10] G. V. Baryshnikov, B. F. Minaev, M. Pittelkow, C. B. 
Nielsen, R. Salcedo, J. Mol. Model. 2013, 19, 847. 

[11] G. Monaco, R. Viglione, R. Zanasi, P. W. Fowler, J. 
Phys. Chem. A 2006, 110, 7447. 

[12] N. Trinajstić, Chemical Graph Theory, First Edition, 
CRC Press, Boca Raton, Florida, USA, 1983, Vol. I, (a) 
Chapter 3, pp. 21–30; (b) Chapter 2, pp. 12–14. 

[13] T. K. Dickens, R. B. Mallion, Phys. Chem. Chem. Phys. 
2013, 15, 8245. 

[14] T. K. Dickens, R. B. Mallion, RSC Advances 2013, 3, 
15585. 

[15] G. Monaco, R. Zanasi, Phys. Chem. Chem. Phys. 2013, 
15, 17654. 

[16] A. T. Balaban, D. E. Bean, P. W. Fowler, Acta Chim. 
Slovenica 2010, 57, 507. 

[17] T. K. Dickens, R. B. Mallion, J. Phys. Chem. A 2011, 
115, 13877. 

[18] G. Monaco, R. Zanasi, J. Chem. Phys. 2009, 131, 
044126. 

[19] G. Monaco, R. Zanasi, J. Phys. Chem. A 2012, 116, 
9020. 

[20] G. Monaco, M. Memoli, R. Zanasi, J. Phys. Org. Chem. 
2013, 26, 109. 

[21] T. K. Dickens, R. B. Mallion, J. Phys. Chem. A 2014, 
118, 933. 

[22] T. K. Dickens, R. B. Mallion, J. Phys. Chem. A 2014, 
118, 3688. 

[23] I. Gutman, J. Serb. Chem. Soc. 2014, 79, 1515. 
[24] I. Gutman, Iranian. Journal of Mathematical 

Chemistry 2014, 5, 85. 
[25] G. Monaco, P. W. Fowler, M. Lillington, R. Zanasi, 

Angew. Chem. Int. Ed. 2007, 46, 1889. 
[26] T. K. Dickens, R. B. Mallion, Chem. Commun. 2015, 

51, 1819. 
[27] M. V. Diudea, Phys. Chem. Chem. Phys. 2005, 7, 3626. 
[28] R. B. Mallion, Croat. Chem. Acta 2008, 81, 227. 
[29] A. T. Balaban, T. K. Dickens, I. Gutman, R. B. Mallion, 

Croat. Chem. Acta 2010, 83, 209. 
[30] T. K. Dickens, R. B. Mallion, Chem. Phys. Letters 2011, 

517, 98. 
[31] T. K. Dickens, R. B. Mallion, Croat. Chem. Acta 2014, 

87, 221. 
[32] E. Steiner, P. W. Fowler, L. W. Jenneskens, A. 

Acocella, Chem. Commun 2001, 659. 
[33] J. Aihara, J. Phys. Chem. A 2008, 112, 4382. 
[34] R. Gershoni-Poranne, C. M. Gibson, P. W. Fowler, A. 

Stanger, J. Org. Chem. 2013, 78, 7544. 
[35] W. P. Ozimisky, M. Palusiak, J. Dominikowska, T. M. 

Krygowski, R. W. Havenith, C. M. Gibson, P. W. 
Fowler, Phys. Chem. Chem. Phys. 2013, 15, 3286. 

[36] P. W. Fowler, S. Cotton, D. Jenkinson, W. Myrvold, 
W. H. Bird, Chem. Phys. Letters 2014, 597, 30. 

[37] P. W. Fowler, W. Myrvold, J. Phys. Chem. A 2011, 
115, 13191. 

[38] J. Aihara, R. Sekine, T. Ishida, J. Phys. Chem. A 2011, 
115, 9314. 

[39] C. A. Coulson, J. A. N. F. Gomes, R. B. Mallion, Mol. 
Phys. 1975, 30, 713. 

[40] C. A. Coulson, R. B. Mallion, J. Am. Chem. Soc. 1976, 
98, 592. 

[41] R. B. Mallion, Pure Appl. Chem. 1980, 52, 1541. 
[42] J. A. N. F. Gomes, R. B. Mallion, J. Org. Chem. 1981, 

46, 719. 
[43] C. F. Wilcox, E. N. Farley, J. Am. Chem. Soc. 1984, 106, 

7195. 
[44] R. B. Mallion, Nature 1987, 325, 760. 
[45] E. Clar, The Aromatic Sextet, John Wiley & Sons Ltd., 

London, New York, Sydney & Toronto, 1972. 
[46] D. Janežić, A. Miličević, S. Nikolić, N. Trinajstić, Graph 

Theoretical Matrices in Chemistry, Faculty of 
Science, University of Kragujevac, 2007, p. 6. 

[47] C. A. Coulson, Rev. Mod. Phys. 1960, 32, 170. 
[48] W. Kutzelnigg, J. Computat. Chem. 2007, 28, 25. 
[49] E. Steiner, P. W. Fowler, L. W. Jenneskens, Angew. 

Chem. Int. Ed. 2001, 40, 362. 

 

http://dx.doi.org/10.1021/jp063760q
http://dx.doi.org/10.1016/S0009-2614(02)01244-7
http://dx.doi.org/10.1007/s00894-012-1617-7
http://dx.doi.org/10.1021/jp0600559
http://dx.doi.org/10.1039/c3cp00053b
http://dx.doi.org/10.1039/c3ra42913j
http://dx.doi.org/10.1039/c3cp52474d
http://dx.doi.org/10.1021/jp205964t
http://dx.doi.org/10.1063/1.3179168
http://dx.doi.org/10.1021/jp302635j
http://dx.doi.org/10.1002/poc.2958
http://dx.doi.org/10.1021/jp411524k
http://dx.doi.org/10.1021/jp502585f
http://dx.doi.org/10.2298/JSC140619080G
http://dx.doi.org/10.1002/anie.200604261
http://dx.doi.org/10.1039/C4CC07322C
http://dx.doi.org/10.1039/b510223e
http://dx.doi.org/10.1016/j.cplett.2011.10.002
http://dx.doi.org/10.5562/cca2397
http://dx.doi.org/10.1039/b009763m
http://dx.doi.org/10.1021/jp7103006
http://dx.doi.org/10.1021/jo4011014
http://dx.doi.org/10.1039/c2cp43426a
http://dx.doi.org/10.1016/j.cplett.2014.02.021
http://dx.doi.org/10.1021/jp206548t
http://dx.doi.org/10.1021/jp205292b
http://dx.doi.org/10.1080/00268977500102281
http://dx.doi.org/10.1021/ja00418a045
http://dx.doi.org/10.1351/pac198052061541
http://dx.doi.org/10.1021/jo00317a014
http://dx.doi.org/10.1021/ja00335a055
http://dx.doi.org/10.1038/325760a0
http://dx.doi.org/10.1103/RevModPhys.32.170
http://dx.doi.org/10.1002/jcc.20470
http://dx.doi.org/10.1002/1521-3773(20010119)40:2%3c362::AID-ANIE362%3e3.0.CO;2-Z

